Background: Calf contouring continues to be popular among Northeast Asians. Calf hypertrophy and distorted leg contours are stressful to many women. Several calf reduction techniques such as a selective neurectomy or calf muscle resection have been attempted, but have inconsistent results. Objectives: This study was designed to demonstrate improved outcomes when combining a selective neurectomy with simultaneous liposuction. Methods: A total of 780 patients with hypertrophic calves underwent calf reduction from January 2002 to December 2010. Of these, 193 patients were treated by selective neurectomy with simultaneous liposuction. Calf hypertrophy with a circumference below 34 cm was defined as mild, calves with a circumference of 34 to 38 cm were defined as moderate, and a calf circumference above 38 cm was defined as severe. In all groups, patients whose pinch test was above 2 cm underwent a simultaneous liposuction. Results: Twenty-eight cases (14.5%) were defined as mild, 72 (37.3%) were moderate, and 93 (48.2%) were severe. Over an average of 8.7 months of postoperative follow up, the reduction in calf circumference averaged 3.7 cm in the mild group (11.1%), 4.0 cm in the moderate group (10.7 %), and 4.3 cm in the severe group (10.7%). Overall, 97.5% of patients were satisfied with the results. There were no severe complications including functional problem of lower extremity reported. Conclusions: The shape, type, and fat distribution of the hypertrophic calves were considered in our patient analysis. A selective neurectomy with liposuction was performed on 193 patients. This technique allowed for a successful calf reduction and improved the patient's aesthetic satisfaction without any reported functional complications.
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Many Northeast Asian females have more hypertrophic calves and shorter legs than Western women. 1 The unfavorable appearance and contour of a patient's legs may result in reduced self-esteem and depression. The popularity of calf reductions continues to rise. 1 The shape of the calf is defined by the development of muscle and fat. Muscular calf hypertrophy has an average fat thickness of less than 1.5 cm with a greater proportion of muscle than fat. Fatty calf hypertrophy has average fat thickness of more than 3.0 cm with a greater proportion of fat. Patients with combined calf hypertrophy have enlarged muscle and fat. 3 The mean circumference of 100 Korean women's' calves was found to be 34 cm. 1 Of these, muscular calf hypertrophy was noted in 38.4% of cases, fatty calf hypertrophy was noted in 15.4% of cases, and combined calf hypertrophy was observed in 46.2% of cases. 1, 3 A thorough clinical exam and consultation is required to diagnose the underlying cause of the calf hypertrophy, which can be fat, muscle, or bone.
Multiple cosmetic surgery techniques for contouring a hypertrophic calf are increasing in popularity and attention. 2 In general, a muscular calf hypertrophy is characterized by medially protruding calves. If a patient with muscular calf hypertrophy wants to make their legs more slender, a selective neurectomy of the nerve to calf muscle, a muscle resection, radiofrequency (RF) volume reduction, or botox injections can be attempted. [1] [2] [3] Liposuction is performed on cases of fatty calf hypertrophy, which can be diagnosed with the pinch test. However, most cases of calf hypertrophy are due to an increase of both muscle and fat, which limits the potential treatment options for these patients. At our institution patients are classified into three groups based on the degree of their calf hypertrophy: mild, moderate, and severe. The shape, type, and fat distribution of their hypertrophic calf is also considered when making this classification. A selective neurectomy with simultaneously liposuction is then performed with excellent results.
METHODS

Patients
From January 2002 to December 2010 a total of 780 patients with hypertrophic calves underwent a calf reduction at the Department of Plastic Surgery of Kangnam at Sacred Heart Hospital in Seoul. Of these, 193 patients who had combined hypertrophic calves with a fat thickness of over 2 cm as determined by the pinch test were included in this study. All patients underwent a selective neurectomy of the nerve to calf muscle with simultaneous liposuction.
Prior to the surgery, the fat and muscle development and distribution, the overall shape of the calf, and the circumference of both calves were assessed. We categorized patients according to the maximum circumference of their calves. Calves with a circumference below 34 cm were considered mildly hypertrophic, a circumference between 34 and 38 cm was moderately hypertrophic, and a circumference above 38 cm was severely hypertrophic.
The average calf circumference of a Northeast Asian female is 34 cm as mentioned above and the treatment needed to perform a calf reduction can depend on the preoperative volume of the calf. For example, patients with muscular calf hypertrophy with medial bulging were treated by a selective neurectomy of the nerve to calf muscle. Those with fatty calf hypertrophy who primarily have thick calves got both a selective neurectomy and liposuction ( Figure 1 ). All research involving human participants was approved by the Institutional Review Board of a single facility (Hallym University Kangnam Sacred Heart Hospital, IRB No. 2016-03-19), and all clinical investigations were aligned with the Declaration of Helsinki principles.
Of the 193 cases included in this study, 28 were mild (mean circumference, 33.1 cm; range, 31-34 cm), 72 were moderate (mean circumference, 36.6 cm; range, 34-38 cm), and 93 were severe (mean circumference, 40.1 cm; range, 38-44 cm). Cases that were excluded included patients who were treated by only a selective neurectomy for muscular calf hypertrophy. The decision to perform liposuction was largely based upon the result of the pinch test. Fat thickness is best measured using ultrasonography, but to reduce costs we replaced ultrasound with the pinch test. Liposuction was considered for all patients whose pinch tests were above 2 cm. For those patients who were not treated by liposuction initially, the decision to perform liposuction was made after the degree of calf reduction and contour was evaluated 6 months after the initial procedure.
The selective neurectomy of the nerve to calf muscle with simultaneous liposuction was performed under general anesthesia or monitored anesthesia care (MAC) using propofol and ketamine. Six months after the procedure the authors measured the circumference of each patient's calves while in the standing and tip-toe position. Photographs were compared before and after the surgery. The degree of fat reduction after the surgery was measured using the pinch test. The patient's walking, running, and overall lower leg power before and after the surgery were compared to diagnose functional problems. The perceived changes of daily activities regarding walking and running were noted, and the power of toe-tip stance was measured before and after the surgery. Simple physical exam is more effective for patients with no complication than isokinetic dynamometer such as Cybex (Cybex 340 dynamometer, SMS Inventory #2518, NY) test for evaluating of calf muscle function. Calf shape, balance, and symmetry were self-described by the patients to assess their satisfaction with the procedure. Visual analog scale (VAS) was used to evaluate overall patient satisfaction. We evaluated patient satisfaction at follow-up visit to the clinic by using outpatient charts and an in-person interview was conducted with the corresponding author (I.S.S.). Complication rates between types of calf hypertrophy were compared using Pearson's chi-square test (Table 1) .
Preoperative Assessment
In this study, all patients with hypertrophic calves underwent a selective neurectomy of nerves to their calf muscles. Prior to surgery, the calf circumference was measured while the patient was in the standing and tip-toe positions. The degree and area of calf muscle hypertrophy was analyzed and categorized according to the table and the most appropriate method was selected. According to the fat and muscle development and distribution, the overall shape of the calf and the circumference of both calves were assessed. We categorized patients according to the maximum circumference of their calves. Calves with a circumference below 34 cm were considered mildly hypertrophic, a circumference between 34 and 38 cm was moderately hypertrophic, and a circumference above 38 cm was severely hypertrophic. When getting informed consent, the patients were informed of the detailed contents including operative procedures, postoperative clinical courses, changes, remaining scars, and minimal interruption of gait functions. The patients who were currently or engaged in occupation (sports or dance) on the semiprofessional and professional level were excluded from the study.
Surgical Technique
Selective Neurectomy
Prior to this study, we performed cadaver dissection on a 32-year-old female and identified tibial nerve main trunk, sural cutaneous nerve, and nerves to lower leg muscles such as soleus, medial, and lateral gastrocnemius ( Figure 2 ). In the operating room the patient was placed in the prone position. Tourniquets were applied to both thighs. A 2.5 cm incision was made over the distal crease of the popliteal fossa. After the dissection of the subcutaneous tissue, a cross-shaped incision was made through the deep fascia to increase the surgical exposure without exposing or damaging the tibial nerve. After the dissection of the popliteal fossa, 4 nerve branches from the tibial nerve were identified. Using a nerve stimulator the isolation and determination of location and subsequent isolation of the nerves that supply the soleus, medial gastrocnemius, and lateral gastrocnemius muscles as well as the sural nerve was performed. For example, nerve to the medial gastrocnemius was resected after elevation and isolation of the nerve by stimulating the muscle and confirming the contracture, not stimulating the other nerves which were also dissected. Avoiding injuries to other parts of the nerve, the nerve innervating the muscle to be reduced was resected by 4 to 5 cm. 1 Reinnervation is prevented by resecting a sufficient length of the nerve and dissecting the tibial nerve proximal to its entry into the muscle. The nerve branches to medial gastrocnemius muscle were resected over a 4 cm length in those patients who had significant medial bulging. The nerve branches to the soleus muscle were resected in generally well-developed calves.
To prevent the development of a bowed leg due to overdeveloped lateral calf muscles, the nerve branches to the soleus and to the lateral gastrocnemius muscles were both resected. In all cases the subcutaneous layer was closed using 4-0 Vicryl (Johnson & Johnson, New Brunswick, NJ) and the skin was closed using 5-0 nylon. Scar management with taping and silicone ointment was performed for 6 months postoperatively. 
Calf Liposuction
Patients were first evaluated to determine if they could be included in the combined or fatty hypertrophy group, then categorized according to calf circumference. Prior to the operation, areas where fat should be eliminated were marked and a liposuction was performed. Tumescent, a mixture of 1 cc of 1:100,000 epinephrine, 5 cc of bicarbonate, 50 cc of 1% lidocaine, and 1000 cc of saline, was divided into 500 cc aliquots and injected into each calf. Power-assisted liposuction machine (Lipomatic, Euromi, Liège, Belgium) was used with 2 mm Mercedes-type cannula for liposuction. When a selective neurectomy and liposuction were performed simultaneously, the 2.5 cm transverse incision that was already going to be made over the distal crease of the popliteal fossa was also used for the liposuction. Liposuction of the upper third and middle third of calf can be performed through this incision to reduce diffuse calf fullness without an additional scar. The location of the liposuction should be based on where the resected nerve branches are. For example, when the nerve branches to the medial gastrocnemius were resected to reduce medial bulging of calf, liposuction was mainly performed on the lateral and posterior part of the calves. When the nerve branches to the soleus muscle were resected to reduce bulging of muscle volume of calf, liposuction was performed circumferentially.
For fat depositions on lower third of the calf, especially around the ankle, liposuction can be performed through a 0.5 cm incision over both malleoli on either side of the Achilles tendon (Figure 3) . 4 Postoperative management includes compressive garments, ultrasound massage, and hot bag. Among them, short-term external ultrasound massage was done two times per week for 4 weeks in all patients. After surgery, an external ultrasound massage helps to facilitate the rapid reduction in edema and the loosening of hardened subcutaneous tissue, which can improve the overall rate of healing. External ultrasound treatments also promote the even redistribution of the remaining fat, preventing irregular skin development and increasing skin elasticity.
RESULTS
From January 2002 to December 2010, surgical procedures for hypertrophic calf reduction were performed on 780 patients. Of the 193 patients, the mean age of these patients was 29.2 years (range, 19-54 years). All patients were female. Twenty-eight cases (14.5%) were included in the mild group, 72 cases (37.3%) were classified as moderate, and 93 cases (48.2%) were severe. The mean circumference of the calves of each group was 33.1 cm (range, 31-34 cm), 36.6 cm (range, 34-38 cm), and 40.1 cm (range, 38-44 cm), respectively. The nerve branches to the medial gastrocnemius were resected in 146 cases, the nerve branches to soleus muscle were resected in 44 cases and the nerve branches to the soleus and lateral gastrocnemius muscles were resected in 3 cases (Table 2 ). Mean duration of the procedure was 40 minutes (range, 30-45 minutes) for selective neurectomy of both calves and 70 minutes (range, 60-90 minutes) for liposuction of both calves.
The mean follow-up period was 8.7 months (range, 6-36 months). Postoperative follow-up measurements noted an average reduction in calf circumference of 3.7 cm (11.1%) in the mild group (Figure 4 Figure 6 ). The calf circumference of all included patients was reduced by an average of 4.1 cm. The overall complication rate was 8.8% (17 of 193 total cases), and, when the shape, balance, and symmetry of their calves were described by the patients, 97.5% were satisfied with the results of their procedure.
Common postoperative complications included scarring and hyperpigmentation. However, almost all scarring was resolved with conservative treatments such as taping and silicone gel. Six cases of scarring and hyperpigmentation required a scar revision. There was one case of a wound infection, one seroma, two cases of irregular skin, and two No functional decreases in walking, running, or total lower leg power were reported (Table 3) .
DISCUSSION
Legs are body parts of great cosmetic interest to women and men, and there is a strong demand for various treatments and surgeries to enhance their aesthetic quality. Calf hypertrophy and the distortion of the contours of the leg are stressful factors for many women. 5 The contour and thickness of the calf is affected by the development of the soleus and gastrocnemius muscles, as well as the individual's fat distribution. The length and shape of the crural bones are also contributing factors. 6 Several previous articles discuss ideal leg length and thickness. One suggests that the maximum circumference of an aesthetically ideal female leg should be less than one-fifth of her body height. 7 Tsai et al 8 proposed criteria for an ideal female leg, recommending that the average length of the leg from the popliteal crease to the heel should be 26% of the patient's body height, and the average maximum circumference of her calves should be 32 cm (range, 29-35 cm), which is approximately 75% of her leg length. The authors confirmed that the mean calf circumference of Northeast Asian women is 34 cm, which is considered desirable by patients. 3 The authors concluded that a 32 to 34 cm calf circumference is the most appropriate goal for most patients. Various surgical methods for calf reduction to make the legs look longer and slimmer have been developed to date. However, no single technique has been established as superior to the others.
Previous treatment approaches have focused mainly on subcutaneous liposuction. However, liposuction alone does not always fully achieve the goals of calf reduction because it does not address the underlying cause of the hypertrophy when it is muscle related. 9 Calf reduction with muscle resection is an effective treatment for calf hypertrophy, but is a traumatic procedure that can lead to an irregular calf surface that puts the nerve at risk. 8 It also needs to be performed under general anesthesia, which results in a longer hospital stay and a delayed recovery period. Further, the incidence of compartment syndrome in these patients is elevated. Muscle ischemia and gait disturbances can also develop because of bleeding and hematomas. 10 The injection of botox (botulinum toxin type A) is a noninvasive procedure that can be used as an alternative to surgical treatments for calf hypertrophy. It is a simple procedure that improves the contour of the calf and reduces treated muscle thickness. 11 However, botox injections are characterized by a short-term efficacy and unsustainable pharmaceutical effects over the 6-month therapeutic period. This necessitates repeated injections, which may lead to increased drug toxicity and economic burden. 12 In addition, repetitive injections reduce effects of botox because of the formation of antibodies against the drug.
Selective neurectomies to calf muscles, which were invented by Dr. Suh in 1994, use the principle of denervation atrophy to reduce the volume of the calf muscles. Denervation leads to muscle atrophy, degeneration, and fibrotic differentiation. 3 The selective denervation of some parts of the muscle can be used to shape the calf and reduce its size. 13 In general, to reduce medial bulging of the calf a nerve branch to the medial gastrocnemius must be resected. To reduce the overall volume of the calf, a nerve branch to the soleus must be resected. Although scars may remain at the popliteal incision site, a selective neurectomy is a safe method that is free from serious complications such as gait disturbances. It is also easy to perform these surgeries due to the generally low rate of anatomic variation in this part of the leg. RF is used to reduce the visibility of hypertrophic calf reduction scars. RF leads to tissue coagulation through frictional heating (60~80°C) that creates a focal necrosis within the hypertrophied muscle. RF is a noninvasive, simple method that heals quickly. However, compartment syndrome can occur due to the edematous changes that result from muscle necrosis. 14 As a result, RF is generally avoided in cases of combined hypertrophic calves that require liposuction because liposuction also increases the risk of compartment syndrome. RF can also induce the development of equinus deformities because of the slow progression of fibrosis after RF. 15 On our service, a selective neurectomy with simultaneous liposuction is primarily employed. We find that this technique is best when used on patients who complain of medial bulging, a diffusely thick calf, a thick calf with medial bulging, or hypertrophic calves that accompany "O-shaped" legs. The pinch test is then performed on these patients to measure their fat distribution and classify their hypertrophic calves as muscular, fatty, or combined type.
A maximum circumference of 34 cm and below is within the average range of Korean women. Patients in this group typically had less fat but wished to correct the medial bulging of their calves. Patients with severe calf hypertrophy wanted to reduce the substantial overall volume of their calves. In a study on selective neurectomies carried out by Suh 3 from 1993 to 2003, a selective neurectomy of the nerve to medial gastrocnemius muscle was performed on 758 cases. The mean calf reduction was 2.5 to 3.0 cm. In another study by Tsai et al 8 conducted from 1999 to 2009, 700 patients underwent a selective neurectomy of the nerve to medial gastrocnemius and one of two parts of the soleus muscle without liposuction. The average calf reduction was 2.67 cm (range, 1.8-4.6 cm). After a selective neurectomy of the nerve to calf muscle the leg looks longer and slenderer, which satisfies patients. However, the actual reduction in the absolute circumference of the calf is limited. Liposuction is therefore recommended in severe cases of calf hypertrophy to reduce the substantial volume of the calf to achieve the patient's desired outcome. The advantage of a simultaneous liposuction is the reduced presence of postsurgical scarring. Two incisions are usually made around the popliteal crease to perform a liposuction. However, the incision made during the selective neurectomy can be used for liposuction when performed simultaneously. This allows for a greater reduction in calf volume and creates far more slender legs than a more extensive selective neurectomy. Complications are also minimized by performing liposuction and a selective neurectomy instead of excessive liposuction alone.
However, there are also several disadvantages. When considering liposuction, many authors note that calves only have one layer of subcutaneous fat, with dense fibrous tissue and many lymphatics. This is thought to be largely responsible the skin irregularities that are commonly observed postoperatively. 16 The thin subcutaneous fat layer may also predispose patients to postoperative hematomas or ecchymosis and may lead to the permanent pigmentation of the skin. 17 The dependent nature of the lower legs, the fibrous nature of the fat, and the possible disruption of the dense lymphatics by certain surgical techniques 18 promotes the development of postoperative edema. A delay in the absorption of this swelling may induce the formation of additional fibrous tissue, leading to the permanent "woody" induration of the subcutaneous layer. To prevent these problems, thorough postoperative care such as external ultrasound, warm massages, and compressive garments for up to 3 months after the surgery is necessary.
All patients were questioned about changes in daily activities involving walking and running. All patients answered that there was no change in walking and running after 3 months and exam for toe-tip stance in the outpatient clinic showed normal range of muscle power. There are methods for evaluating muscle function which are simple physical exams such as walking and running and dynamometer such as Cybex test. But Cybex test has low specificity for evaluation of individual muscle function after selective neurectomy.
Resecting nerve to make one's calf thin is not an easy choice for everyone. The patients' primary concern was loss of muscle power and inability to walk, but this has never happened.
There are many reports about compensation of adjacent muscles after loss of motor function of donor site of muscle flap in reconstruction of soft tissue defect. Likewise, no gait disturbance or loss of motor function was reported after transferring gastrocnemius muscle and soleus muscle in other reports, which were the basis of this surgery. As mentioned in the Methods section, those who used their legs for a living (ie, ballerinas, professional athletes) were excluded.
There were some cases of recurrence after nerve resection, but after resecting the nerves with longer segments, the recurrence rate was decreased significantly.
However, practically, it is very hard to observe patients who had cosmetic surgeries over 6 months after the surgery. The longest follow-up period was 3 years in 21 patients who showed no additional changes in calf thickness, shape, motor function, and daily activities. Six months were set as the minimum follow-up period because almost all patients showed softened calf convenient for pinch test and above all, calf thickness did not change 3 months after the surgery. Although we tried to recruit more patients with longer follow up, it is not easy and this is the limitation of the study. So, further studies would better define the contribution of the surgery and the need to recruit more patients and evaluate the evidence-based efficacy of long-term follow up and prospective and comparative study.
Another limitation of the study is that patient satisfaction assessments were not conducted anonymously because the surgeon conducted these assessments in person, which potentially introduced bias into these assessments.
CONCLUSION
Simultaneous liposuction with a selective neurectomy was performed on suitable patients based on the results of clinical tests, the patients' choice, and the doctor's discretion. A significant decrease of the calf circumference was confirmed over 6 months and ideal cosmetic results were achieved without complications. We hope that the results of this study help promote the creation of guidelines for other practitioners.
Supplementary Material
This article contains supplementary material located online at www.aestheticsurgeryjournal.com.
